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Abstract 


The aim of this study was to prepare sustained release multiple unit dosage form (MUDF) for the oral day delivery of the 
frequently administered and the highly water soluble drug, dexketoprofen trometamol (DT). The drug was encapsulated 
into Eudragit RS100 microspheres using emulsification solvent evaporation technique. A D-optimal design was used to 
determine the effect of amount of polymer (X:), the percentage of hydrophobic plasticizer (X2), the percentage of 
hydrophilic plasticizer (X3), and stirring rate (X4), on the % entrapment efficiency (Y1), amount of drug released at 1h 
(Y2), 4h (Y3), and 8 h (Y4). The optimized formulation was prepared using 1.39 g Eudragit, 0.063 g Dibutyl phthalate 
(DBP), 0.093 g Polyethylene Glycol 400 (PEG 400) and processed using stirring rate of 683 rpm. The optimized 
microspheres were evaluated by Scanning Electron Microscopy (SEM), Differential Scanning Calorimetry (DSC), and X- 
ray Diffraction (XRD). Results of the optimized formula showed that the microspheres were spherical with a rough 
surface and a particle size of 32+1.41 um, with entrapment efficiency 76.0+1.76%. The amount of drug released was 
33.740.82%, 60.240.05%, and 75.1+1.84%, at 1, 4, and 8 h, respectively. Complete drug release was achieved after 16 h. 
The sustained release pattern of DT for up to 16 h with an acceptable initial release suggests that the developed MUDF 
may be useful for oral day delivery of the highly soluble and frequently administered drug such as DT. 
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Introduction inhibitors of prostaglandin synthesis. The analgesic effect 
is due to the S (+)-enantiomer (dexketoprofen), while the 

Racemic ketoprofen is used as an analgesic and an anti- R (-)-enantiomer has no analgesic activity. It was found 
inflammatory agent, and is one of the most potent that separation of R (-)-enantiomer from the racemic 


Sustained Release Multiple Unit Dosage Form for the Oral Day Delivery of Dexketoprofen Trometamol J Pharm Res 


Open Access Journal of Pharmaceutical Research 


mixture resulted in doubling of the analgesic effect of 
dexketoprofen [1]. DT, a water soluble salt of (S)-(+)-2-(3- 
Benzoylphenyl) propionic acid, is well absorbed orally 
throughout the gastrointestinal tract [2]. The usual dose 
of dexketoprofen is 25 mg (equivalent to 36.9 mg of DT) 
every 8h or 12.5 mg every 4 to 6 h. A maximum daily dose 
of 75 mg (equivalent to110.7 mg of DT) may be applicable 
[3]. DT peak plasma levels are reached within 0.25 hours 
to 0.75 hours. The current oral dexketoprofen tablets 
show several drawbacks, such as rapid elimination due to 
the short elimination half-life of the drug (1.2-2.5 h) [3,4] 
which necessitate 3-6 times daily administration. In 
addition, the immediate release of single oral 
administration of DT results in _ gastrointestinal 
disturbances, such as gastrointestinal discomfort, nausea, 
diarrhea and gastrointestinal bleeding [5]. The oral 
dosage form is the most widely accepted route of 
administration [6]. Therefore, a sustained-release oral 
formulation of DT can reduce the frequency of 
administration, adverse effects and improve patient 
compliance. However, Preparation of sustained release 
formulation of DT poses a great challenge due to its very 
high water solubility (~662.37mg/mL) and the frequent 
oral administration. To the best of our knowledge, no 
reported trials were so far adopted to manufacture 
sustained release formulation for the oral day delivery of 
DT (~16 h release). To reach such criteria, the excipients 
used should ensure sustainment of drug _ release 
throughout the whole GIT irrespective of the pH. Eudragit 
RS100 is an acrylic polymer commonly used for the 
preparation of controlled release oral pharmaceutical 
dosage forms. Eudragit RS100 is insoluble at physiological 
pH values; therefore it is suitable for the preparation of 
pH-independent sustained-release drug formulations. 
Eudragit RS 100 swells in water and becomes permeable 
to water [7]. The permeability of Eudragit RS100 is due to 
the presence of a quaternary ammonium group in their 
structure [8]. 


Sustained release multiple unit dosage forms (MUDF) 
such as microspheres are becoming more popular than 
single unit dosage forms. These systems tend to spread 
uniformly throughout the gastrointestinal tract (GIT) and 
thereby, release the drugs more uniformly. The uniform 
distribution of these MUDF along the GIT could result in 
more reproducible drug absorption and reduced risk of 
local irritations than the use of single unit dosage forms. 
The microspheres can be filled into hard gelatin capsules 
or compressed into tablets [9]. 


In this study, sustained release MUDF for the oral day 
delivery of DT was prepared using emulsification solvent 
evaporation technique. The effects of formulation and 
process variables on the entrapment efficiency and 
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dissolution pattern of the microspheres were studied. A 
D-optimal design was used to determine the effect of 
amount of polymer (X:), the percentage of hydrophobic 
plasticizer (Xz), the percentage of hydrophilic plasticizer 
(X3), and the stirring rate (X4), on the % entrapment 
efficiency (Yi), amount of drug released at 1h (Y2), 4h (Y3), 
and 8h (Y,). Powder characteristics of the developed 
microspheres were evaluated. 


Materials and Methods 


Materials 


Dexketoprofen trometamol (DT) was obtained from 
Marcyrl Pharmaceutical Industries (Egypt). Eudragit RS 
100 was purchased from Evonik Degussa Corporation 
(Germany). Magnesium stearate was obtained from 
Sedico Pharmaceutical Industries (Egypt). Dibutyl 
phthalate (DBP) and polyethylene glycol 400 (PRG 400) 
were purchased from Sigma (USA). All other chemicals 
and solvents used were of analytical grade. 


Determination of DT Saturated Solubility 


An excess amount of DT was suspended in 10 mL of 
each of 0.1N HCl, water and phosphate buffer 6.8 in 
stoppered amber colored glass bottles. The bottles were 
shaken for 24 h in thermostatically controlled shaker at 
37°C [10,11]. The content of bottles was filtered through a 
0.45 um membrane filter and assayed by a validated in- 
house HPLC method. A 2uL aliquot of the filtrate was 
injected into HPLC column (Zorbax SB 250mm, 4.6 X 5 
um). Chromatography was performed using a Waters 
Alliance system with a UV detector at 233 nm. The column 
temperature was set at 25°C and the flow rate was 1 
mL/min. The mobile phase composed of 48% acetonitrile, 
48% water and 4% acetate buffer (pH 3.5). All 
experiments were conducted in triplicates. 


In Vitro Release Studies for DT Powder 


The drug dissolution was determined using USP 
standard dissolution tester, Apparatus II. Dissolution was 
carried out in 900 ml phosphate buffer, pH 6.8 at 
37+0.5°C for 1 h. 73.8 mg of DT powder was placed in 
each vessel containing the dissolution medium and the 
paddle was then rotated at 50 rpm. Aliquots of 4ml were 
withdrawn at predetermined time intervals; 5, 10, 15, 20, 
30, and 60 min. and then filtered through a 0.45um 
membrane filter. The content of DT was determined 
spectrophotometrically at 260 nm using a blank of fresh 
dissolution medium. An equal volume of fresh dissolution 
medium was added at the specified time intervals to 
maintain the volume of dissolution medium constant. The 
experiments were done in triplicates. 
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Experimental Design 


In order to investigate the influence of formulation and 
process variables on the microspheres characteristics, DT 
loaded microspheres were prepared adopting a four 
factor, three level D-Optimal designs (Design Expert® 
software (Version 7, Stat-Ease Inc., Minneapolis, MN)). 
The independent and dependent variables of the D- 
optimal design for the formulation of DTM are shown in 
table 1. The polymer (Eudragit RS100) amount (X;), the 
percentage of hydrophobic plasticizer (DBP) (Xz), the 
percentage of hydrophilic plasticizer (PEG 400) (X3), and 
the stirring rate (Xs) were selected as the four 
independent variables, while the entrapment efficiency 


EE % (Y1), the amount of drug release at 1 h (Y2), 4 h (Y3) 
and 8 h (Ya) h were the dependent variables . The 
software selected a set of candidate points as a base 
design. These included factorial points (high and low level 
from the constraints on each factor, centers of edges, 
constraint plane centroids, axial check point, and an 
overall center point). The base design consisted of 25 
runs as shown in table 2. Design expert software was used 
to perform the statistical data analysis of the regression 
model and plot the response surface graphs. Analysis of 
variance (ANOVA) was carried out to estimate the 
significance of model and term. Probability p-values (p< 
0.05) denoted significance. 


Factors (Independent variables) x Pevelsused 1 
X1: Eudragit RS100 (g) 1 1.655 
X2: Dibutyl Phthalate (Yow/w of the polymer) 0 10 
X3: Polyethylene glycol 400(%w/w of the polymer) 0 10 
X4: Speed of rotation (rpm) 450 750 
Response (Dependent variables) Constraints 
Y;: Entrapment efficiency Y1>70% 
Y2: DT released after 1h Y¥2<40% 
Y3: DT released after 4h 40<Y3>60% 
Y4: DT released after 8h Y4>75% 


*Dexketoprofen trometamol amount = 0.333 g 


Table 1: The independent and dependent variables of the D-optimal design for the formulation of Dexketoprofen 


trometamol microspheres (DTM). 


or eee ee ae Y1: % Y2:%DT | Y3:%DT | Y4:%DT 

Code Polymer Hydrophobic Hydroph ile | SHEN Entrapment released released released 
amount plasticizer plasticizer rate Bicones Ape after 4 br Seahe 

(gm) (%) (%) (rpm) 

DTM-1 1.665 0 5 750 85.50+0.71 35.90+0.42 61.05+1.06 81.15+1.20 
DTM-2 1 5 0 750 86.50+0.71 35.40+40.71 61.60+1.98 73.55+0.64 
DTM-3 1.3325 5 5 450 82.50+0.71 29.54+0.65 58.25+0.63 74.69+0.87 
DTM-4 1.665 5 10 750 81.00+1.41 37.95+0.64 62.25+0.64 71.2040.85 
DTM-5 1.665 10 0 750 85.75+1.06 22.80+0.28 42.65+0.64 54.85+0.92 
DTM-6 1 0 10 750 82.65+0.49 41.45+0.64 83.43+0.74 95.98+0.96 
DTM-7 1.665 0 10 450 77.65+0.49 28.65+0.49 62.95+0.64 83.85+0.78 
DTM-8 1 5 5 600 74.0041.41 27.15+1.06 59.62+0.87 81.95+0.49 
DTM-9 1.49875 7.5 7.5 600 78.15+1.20 25.15+0.64 45.15+1.06 60.18+0.96 
DTM-10 1.665 5 0 450 88.80+0.28 27.34+0.62 56.45+1.06 65.35+0.92 
DTM-11 1.3325 0 5 600 88.85+0.21 43.15+0.92 74.6041.27 83.5042.12 
DTM-12 1.3325 0 0 750 93.40+0.85 40.30+0.99 71.75+0.35 81.95+0.64 
DTM-13 1.665 0 0 600 92.8041.13 28.05+1.06 54.15+1.20 64.50+0.71 
DTM-14 1.3325 5 5 750 75.50+£0.71 28.35+0.64 51.9941.11 71.14+0.91 
DTM-15 1 5 10 450 72.0041.41 34.65+0.92 61.45+1.48 80.65+0.49 
DTM-16 1 10 10 750 75.1041.27 34.00+0.28 60.00+1.27 80.25+1.05 
DTM-17 1 0 0 450 93.50+0.71 40.25+0.92 72.2041.13 82.65+0.92 
DTM-18 1.3325 5 0 600 87.50+0.71 26.24+0.76 52.03+0.75 67.45+2.19 
DTM-19 1.665 10 10 450 77.00+0.01 35.15+0.92 57.9941.26 72.75+1.06 
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DTM-20 1 10 10 750 73.60+0.57 34.70+0.85 60.45+0.78 81.40+0.85 
DTM-21 1.665 10 0 750 84.50+0.71 21.30+0.85 38.45+0.78 50.65+0.92 
DTM-22 1 10 0 450 86.50+0.71 34,25+0.64 59.00+1.13 71.50+0.71 
DTM-23 1 0 10 750 86.05+0.07 41.75+0.64 78.45+0.64 89.23+0.75 
DTM-24 1 0 0 450 87.50+0.71 40.55+0.64 72.6040.99 84.99+1.26 
DTM-25 1 10 0 450 83.50+0.71 32.15+0.21 55.35+0.78 66.30+0.42 


Table 2: The formulations of D-Optimal design and their characterization results. 


Preparation of Microspheres 


DT microspheres (DTM) were prepared by 
emulsification solvent evaporation technique [12]. 
Different amounts of Eudragit RS 100 polymer were 
dissolved in 20 ml of acetone by using a magnetic stirrer. 
For formulations containing plasticizers, different 
amounts of Dibutyl phthalate and /or polyethylene glycol 
400 were added to the polymeric solution and stirred. 
Powdered DT (0.333 g) was dissolved in 5 ml methanol 
and added to the prepared polymeric solution. 
Magnesium stearate (0.2 g) was dispersed in the polymer 
solution. The resulting dispersion was then poured into a 
250 mL vessel containing a mixture of 90 ml liquid 
paraffin and 10 ml n-hexane while stirring with a 
mechanical stirrer with four blades (VELP Scientifica, 
Italy). Stirring was continued for four h till complete 
evaporation of acetone and methanol. The formed 
microspheres were collected by filtration in vacuum, 
washed 3 times with 50 ml n-hexane each and dried at 
room temperature for 24 h. All microsphere formulae 
were prepared in triplicates. 


Characterization of Microspheres 


Determination of production yield: The formulated 
microspheres were recovered and weighed accurately. 
The yield of microspheres was determined by comparing 
the whole weight of the formed microspheres with the 
combined weight of the starting materials using the 
equation below: 

% Yield of microspheres = Total weight of the formed 
microspheres / Total weight of the starting materials 


Determination of the mean particle size: The particle 
size of 100 microspheres was measured by optical 
microscope with a digital camera (JVC, Victor, Yokohama, 
Japan), and the mean particle size of 100 microspheres 
was determined. 


Determination of Flowability: The bulk density of the 
microspheres was calculated by dividing the weight of 50 
g powder by the volume (in cm?) of the powder in a 100- 
ml graduated cylinder [13]. The tapped density was 
determined dividing the weight (in g) by the volume (in 
cm3) obtained after tapping of the powder within the 
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graduated cylinder until constant volume. The bulk, and 
tapped densities were measured to evaluate the 
flowability of microspheres. Hausner’s ratio [14] and 
Carr’s index [15] were estimated from equations below: 
Hausner’s ratio = pt/ po. Where, pt =Tapped density, po 
=Bulk density 


Compressibility Index (C.I.) % = (pt - po)/ pt x 100 


Determination of entrapment efficiency (EE %) (Y1): 
Methanol was selected as an appropriate solvent for the 
lysis of the prepared microspheres [17]. Total amount of 
the drug (drug content) of the prepared formulations was 
determined by dissolving 50 mg of the prepared DTM in 
methanol and then measuring the UV absorbance using 
spectrophotometer at the predetermined Amax of DT in 
methanol after performing the necessary dilution. The 
entrapment efficiency (EE %) was calculated as follows: 
EE (%) = QP/QT X 100, Where QP is the quantity of drug 
entrapped in the microspheres, and QT is the initial 
quantity of drug added. 


In vitro release of dexketoprofen trometamol from 
MUDF: The drug dissolution was determined using USP 
standard dissolution tester, Apparatus IJ. An accurately 
weighed sample of DTM equivalent to 73.8 mg of DT was 
filled into hard gelatin capsules (HGC) size 00 forming 
MUDF and then were added to 900 mL dissolution 
medium phosphate buffer, pH 6.8 kept at 37 + 0.5°C. At 
different time intervals (0.17, 0.33, 0.5, 0.75, 1, 1.5, 2, 3, 4, 
5, 6, 7, 8, 12, and 16 h), 4 mL aliquots were withdrawn 
and replaced by an equal volume of dissolution medium 
to maintain constant volume. After suitable dilution, the 
samples were analyzed spectrophotometrically at Amax 
260 nm. All measurements were conducted in triplicates. 
The amounts of DT released at 1h (Y2), 4h (Y3), and 8h 
(Y4) were compared between the different formulations 
prepared. 


Kinetic Analysis of the in vitro Drug-release Data: The 
mean in vitro drug release data were fitted to different 
kinetic models: zero order [17], Higuchi [18], and 
Korsemeyer-Peppas [19] to evaluate the kinetics of drug 
release from the prepared microsperes. The highest value 
of the coefficient of determination (R2) indicated a 
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superiority of the dissolution profile fitting to a particular 
dissolution model. 


Formulation Optimization of DTM 


The aim of the optimization was the preparation of DT 
microspheres (DTM opt) that has high EE %(Yi1>70%), 
release less than 40% of DT content after 1 h 
corresponding to the loading dose (Y2<40%), release 
~50% of the dose after 4 h (40<Y3>60%), and finally 
release more than 75% of the dose after 8 h (Y4>75%). 
Desirability was calculated and considered to optimize 
the studied responses depending on the provided results. 
The significant responses were taken into considerations 
while the non-significant factors were not. The DT 
microsphere formula with the highest desirability value 
(close to 1) was subjected to further investigation. The 
optimized formula was prepared and characterized using 
the previously mentioned tests. 


Scanning Electron Microscopy (SEM): The surface 
properties of the optimized microsphere formula were 
examined by the scanning electron microscope using (Jeol 
JSM-6400, Tokyo, Japan). The microcapsules were fixed 
on a sample holder, and coated with gold palladium using 
sputter coater for 1min under argon gas before electron 
microscopic scanning. 


Differential Scanning Calorimetry (DSC): The thermal 
behavior of DT, Eudragit RS100, optimized microspheres 
formula, and its corresponding blank formula were traced 
by differential scanning calorimetry (Shimadzu 
differential scanning calorimeter, DSC TA-50 ESI, Koyoto, 
Japan), where one mg of each sample was hermetically 
sealed ina flat-bottomed aluminum pans and were heated 
over the temperature range of 25 to 350°C under a 
nitrogen purge (20 mL/min) at a constant heating rate of 
10°C /min. 


Powder X-ray Diffraction (XRD): XRD patterns of DT, 
Eudragit RS100, optimized microspheres formula, and its 
corresponding blank formula were measured on a Philips 
PW/170 diffractometer with a Cu-filtered radiation (A = 
1.542 A). The patterns were recorded on a quartz plate at 
a tube voltage of 40 kV and a current of 35 mA®, applying 
a scan rate of 0.02° 28/s in the angular range of 3-80°20. 


Stability Study of the Optimized MUDF: The optimized 
MUDF was placed in HDPE bottle with HDPE cap and 
packed into a stability chamber. An accelerated stability 
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study was conducted as per ICH guidelines at 40°C/75% 
relative humidity. Samples were withdrawn after three 
months of storage and were evaluated for drug content 
and dissolution. 


Results and Discussion 


Saturated Solubility of DT 


Saturated solubility studies have shown that DT has 
pH-dependent solubility where the highest solubility was 
observed in the alkaline environment (892.38 + 34.45 
mg/mL at pH 6.8). The solubility of DT in distilled water 
and 0.1 N HCl were 662.37 + 21.25 and 0.226 + 0.008 
mg/mL, respectively. The pH dependent solubility is 
attributed to the acid nature of the drug being propionic 
acid derivative (pKa = 4.55), where the drug molecules 
are unionized at low pH values and ionized at higher pH 
values [20,21]. It is worth mentioning that the solubility 
of DT at pH 1.2 is still high enough to retain a sink 
condition in the dissolution media of 900 mL of 0.1 N HCl. 
Therefore, solubility is not a limiting factor for the release 
of DT even at pH 1.2 which indicates the possibility of 
dissolution and absorption of DT in the stomach. 


In vitro Dissolution of Pure Drug 


The in vitro dissolution of DT in phosphate buffer (pH 
6.8) was very rapid where 95% of the drug was dissolved 
in 10 min and 100% of DT was dissolved in15 min. This is 
due to the previously mentioned high solubility of the DT 
in phosphate buffer (pH 6.8). The very rapid dissolution 
of DT indicated that there was a challenge for the 
preparation of sustained release formulation that extends 
the release of the drug for a period of 16h. 


Production Yield of DTM 


The preparation of matrix type microspheres of DT 
(DTM) was achieved using emulsification solvent 
evaporation technique. The yield for the prepared DT 
microspheres was generally high ranging from 70.95 + 
0.77% to 90.97 + 0.52% as shown in table (3). The high 
percentage yield of most microspheres formulae indicates 
that the procedures and parameters employed for the 
preparation of DTM were effective and efficient. These 
results have shown that Eudragit RS 100 is a good 
polymer for the preparation of microsphere formulation 
containing a hydrophilic drug by the emulsification 
solvent evaporation technique which was also reported 
by Sengel Turk, et al. [22]. 
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Formula Number Eroductionveld Bantlelesize Carr’s index Hausner’s ratio 
(%) (um) 
DTM-1 80.65 + 0.49 34.26 + 2.88 15.46 + 2.21 1.18 + 0.02 
DTM-2 72.95 + 0.78 24.80 + 3.41 15.03 + 1.24 1.18 + 0.05 
DTM-3 71.35 + 0.49 43.89 + 9.49 13.71 41.19 1.16 + 0.03 
DTM-4 73.25 + 0.35 25.52 + 5.44 12.17 + 0.38 1.14 + 0.01 
DTM-5 77.20 + 0.28 38.99 + 9.92 15.91 + 2.31 1.19 + 0.04 
DTM-6 83.80 + 0.57 27.05 + 4.04 13.53 + 0.66 1.16 + 0.02 
DTM-7 87.65 + 0.49 46.65 + 4.51 16.72 + 2.71 1.2 +0.05 
DTM-8 83.30 + 0.71 36.36 + 5.07 10.60 + 3.85 1.12 + 0.01 
DTM-9 84.32 + 0.46 53.28 + 14.00 15.24 +0.21 1.18 + 0.03 
DTM-10 82.67 + 0.18 48.63 + 7.31 14.16 + 0.18 1.16 + 0.02 
DTM-11 85.25 + 3.89 36.22 + 8.36 17.22 + 0.12 1.21 + 0.04 
DTM-12 78.30 + 0.85 35.33 + 7.31 17.39 + 0.21 1.21 + 0.03 
DTM-13 76.60 + 0.85 36.69 + 3.1 11.92 + 3.24 1.14 + 0.05 
DTM-14 77.65 + 0.92 45.13 + 7.81 17.21 41.39 1.21 + 0.02 
DTM-15 86.60 + 0.85 38.18 + 7.52 14.77 + 0.64 1.17 + 0.01 
DTM-16 90.97 + 0.52 37.47 + 6.93 13.26 + 5.66 1.16 + 0.04 
DTM-17 81.85 + 0.49 25.31 + 6.87 14.94 + 2.45 1.18 + 0.02 
DTM-18 76.20 + 0.85 29.58 + 6.12 14.02 + 1.05 1.16 + 0.01 
DTM-19 87.50 + 0.42 49.55 + 10.42 16.47 +1.95 1.21 + 0.03 
DTM-20 80.70 + 0.99 36.41 + 7.08 13.95 + 3.85 1.16 + 0.05 
DTM-21 85.05 + 0.64 35.24 + 13.48 14.47 + 0.06 1.17 + 0.02 
DTM-22 78.70 + 0.57 23.80 + 4.30 19.45 + 0.27 1.24 + 0.01 
DTM-23 79.90 + 0.42 26.60 + 2.85 15.95 + 2.95 1.19 + 0.04 
DTM-24 70.95 + 0.78 31.34 + 2.64 16.82 + 0.22 1.20 + 0.01 
DTM-25 71.95 + 0.35 36.69 + 9.09 13.9 + 3.02 1.16 + 0.03 


Table 3: Yield, micromeritics and Flowability characteristics of dexketoprofen trometamol microspheres (DTM). 


Particle Size Analysis 


The particle size for the prepared microspheres ranged 
from 23.804 + 4.299 um to 53.275 + 13.995um as shown 
in table (3). 


Flow Properties 


Micromeritics of the 25 DTM formulae are shown in 
table 3. The bulk densities of DT microspheres ranged 
from 0.383 + 0.009 g/cm to 0.526 + 0.005 g/cm3. The 
tapped densities ranged from 0.45 + 0.014 g/cm? to 0.61 
+ 0.007 g/cm3. Carr’s index and Hausner’s ratio for all 
microspheres formulae were <20 and <1.25, respectively, 
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indicating that the microspheres show good flow 
properties [8,23]. 


Statistical Analysis of the Experimental Design 


The D-optimal design was applied in this study in order 
to obtain the optimum DTM formula. All the responses 
observed for the 25 formulae prepared were fitted to 
various models using design-expert software. It was 
observed that the best-fit model was the linear model for 
all responses because its PRESS was the smallest. The 
results of regression analysis for the responses are 
summarized in table 4. 
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Response Model R2 Adjusted R2 Equation 
Yi Linear | 0.7235 0.6682 Y1 =82.2550 + 0.9843 Xi- 3.6801 X2- 5.2478 X3+ 0.5224 X4 
Y2 Linear | 0.5345 0.4414 Y2=32.1551- 3.2827 X1-3.8465 X2+1.6399 X3+ 0.2226 X4 
Y3 Linear | 0.7751 0.7301 Y3=59.1546- 5.7673 X1-8.8381 X2+3.1774 X3- 0.3987 X4 
Y4 Linear | 0.8664 0.8396 Y4. =73.7170- 6.3954 X1- 7.7941X2+ 5.5154 X3- 0.5592 X4 


Table 4: Reduced regression equations in term of coded fact 


The values of the coefficients X1, X2 and X3, X4 are 
related to the effect of these variables on the response. A 
positive sign of coefficient indicates a synergistic effect 
while a negative sign indicates an antagonistic effect upon 
the response [24]. The larger coefficient means that the 
independent variable has more potent influence on the 
response. ANOVA was applied to estimate the significance 
of the linear model at the 5% level. 3D response surface 
plots were used to study the interaction effects of two 
factors on the response at a time, when the third and the 
fourth factors are kept at a constant level [25]. 


Effect of formulation and process variables on 
entrapment efficiency % (Y1): It was observed that the 
entrapment efficiency for all DT microspheres formulae 
ranged from 72 + 1.41% to 93.50 + 0.71% as shown in 
table 2. The observed high entrapment efficiency of the 


or of the measured responses. 


drug in all prepared microspheres may be due to the poor 
solubility of the drug in liquid paraffin, which minimized 
leakage of the drug into the external hydrophobic phase 
during the emulsification process, and thus resulted in 
high entrapment efficiency. It can be inferred that the 
terms X2 and X;3 have significant antagonistic effect on the 
percentage entrapment efficiency (p<0.05), as confirmed 
by the negative values of Xz and X3 coefficients. 


Figure 1 illustrates the 3D response surface plot 
showing the effect of factors Xz and X3 on the drug 
entrapment efficiency (Yi). As shown in figure 1, the 
entrapment efficiency was significantly decreased as the 
amount of both plasticizers increased. The decrease in the 
entrapment efficiency may be due to the enhancement of 
drug solubility in liquid paraffin by plasticizers. 
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Figure 1: 3 D response surface plot showing the effect of DBP % (Xz) and PEG 
400 % (Xz) on the drug entrapment efficiency (Y1). 


*Ydrophobic plasticizer 


Effect of formulation and process variables on in vitro 
release of DT from DTM: Plasticizers are generally used 
to improve the mechanical properties of a polymer matrix 
[26]. In addition, plasticizers are used also to obtain 
polymeric systems with controlled drug permeation [27]. 
The release of DT was studied as a function of plasticizer 
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type. It was noticed that the release rate was affected with 
the chemical nature of plasticizer. 


As shown in figure 2a, complete release was noticed for 
PEG 400-containing microspheres, where all formulae 
released 100% after 16 hours. A high burst release was 
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observed at1 h, as the amount of DT released ranged from 
28.65 + 0.49% to 43.15 + 0.92%. The amount of DT 
released ranged from 61.05 + 1.06% to 83.43 + 0.74% and 
from 81.15 + 1.20% to 95.98 + 0.96%, at 4 and 8 h, 
respectively. The rapid release profiles for formulae 
containing PEG 400 only as a plasticizer could be 
attributed to the hydrophilic and leaching property of 
PEG, which increased the magnitude of the voids and 
consequently the channels from the microsphere surface, 
resulting in the formation of a heavily structured 
microporous matrix [28]. Other investigators already 
described a similar effect of hydrophilic nature of the 
plasticizer on the drug release mechanism [29]. 


On comparing different microspheres formulae 
containing PEG 400, it was noticed that DTM-1 showed 
the slowest release profile, while DTM-6 showed the 
fastest release profile. The slower release profile for DTM- 
1 is due to the high polymer amount (1.655 g) and the low 
amount of PEG 400 (5%), in comparison to low polymer 
amount (1 g) and high amount of PEG400 (10%) in DTM- 
6, while keeping the stirring speed constant in both 
formulae (750 rpm). 


The in vitro release profile of DT from DTM containing 
DBP is shown in Figure 2b. Not all DBP-containing 
microspheres showed complete drug release after 16 
hours (DTM-5, DTM-18, DTM-21 and DTM-25). A low 
burst release was observed after 1 h as the amount of DT 
released ranged from 21.30 + 0.84% to 35.40 + 0.71%. 
The amount of DT released ranged from 38.45 + 0.77% to 
61.60 + 1.98% and from 50.65 + 0.91% to 73.55 + 0.64% 
at 4 and 8 h, respectively. 


By comparing different microspheres formulae 
containing DBP, it was noticed that DTM-21 showed the 
slowest release profile, while DTM-2 showed the fastest 
release profile. The slower release profile for DTM-21 is 
due to the high polymer amount (1.655 g) and the high 
amount of DBP (10%), in comparison to low polymer 
amount (1 g) and low amount of DBP (5%) in DTM-2, 
while keeping the stirring speed constant in both 
formulae (750 rpm). The slower release rate observed by 
formulae containing DBP as the only plasticizer, as 
compared to those containing PEG 400 as the only 
plasticizer, could be related to the hydrophobicity of DBP 
compared to the hydrophilic character of PEG 400. This 
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was in good agreement with Siepmann, et al. [30] who 
reported that plasticizers with phthalate groups should be 
chosen when a more prolonged release is desired. 


Figure 2c illustrates the release profiles of DT from 
DTM containing combinations of PEG 400 and DBP 
plasticizers, which shows that a moderate burst release 
was observed after 1 h as the amount of DT ranged from 
25.15 + 0.64% to 37.95 + 0.64%. The amount of DT 
released ranged from 45.15 + 1.06% to 62.25 + 0.64% and 
from 60.18 + 0.96% to 81.95 + 0.49% at 4 and 8 h, 
respectively. Finally all formulae released almost 100% 
after 16 h except DTM-9. The moderate release profiles 
for formulae containing combinations of PEG 400 and 
DBP plasticizers could be attributed to the antagonistic 
effect of the hydrophilic and leaching property of PEG, 
which increased the magnitude of the voids and 
consequently the channels from the microsphere surface, 
and the hydrophobicity of DBP which slowed the release 
of the hydrophilic drug [28]. 


By comparing different microspheres formulae 
containing both PEG 400 and DBP plasticizers, it was 
noticed that DTM-9 showed the slowest release profile, 
while DTM-4 showed the fastest release profile. The 
slower release profile for DTM-9 may be due to the low 
stirring speed during preparation of microspheres (600 
rpm) which resulted into larger particle size and smaller 
surface area exposed to dissolution medium. Also DTM-9 
has a lower amount of PEG than DTM-4 (7.5 % versus 10 
%, respectively). 


Figure 2d illustrates the release profiles of DT from 
DTM containing no _ plasticizer. The microspheres 
prepared without the use of plasticizers exhibit moderate 
burst release after one hour which ranged from 28.05 + 
1.06% to 40.55 + 0.64%. The amount of DT released 
ranged from 54.15 + 1.20% to 72.60 + 0.99% and from 
64.50 + 0.71% to 84.99 + 1.26% at 4 and 8 h, respectively. 
Finally all formulae released almost 100% after 16 h 
except DTM-13. By comparing different microspheres 
formulae containing no plasticizers, it was noticed that 
DTM-13 showed the slowest release profile, while DTM- 
24 showed the fastest release profile. The slower release 
profile for DTM-13 is due to high polymer amount (1.655 
g) as compared to (1 g) in DTM-24. 
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Figure 2: In- vitro release profile of DT from DTM containing (a) PEG 400, (b) 
DBP, (c) both PEG 400 and DBP and (d) no plasticizer. 
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From table 4, it can be inferred that the terms X1 and X2 
have significant antagonistic effect on the amount of DT 
released after 1 h, 4 h, and 8 h (p<0.05). X3 had a 
significant synergistic effect on the amount of DT released 
after only 4h, and 8 h (p<0.05). 


Figure 3a-e shows the effect of Xi, Xz and X3 on the 
amount of DT released after 1 h, 4 h, and 8 h. It can be 
inferred that the amount of drug released was 
significantly increased with decreasing the amount of the 
polymer. This could be due to the formation of a short 
diffusion path, and hence faster drugs release [31]. It is 
also clear from figure 3, which the amount of drug 
released at 1, 4, 8 h decreased significantly with 
increasing the % of the hydrophobic plasticizer (p<0.05). 
This was in accordance with Lecomte, et al. [32] who 
compared a hydrophobic (dibutyl sebacate) and 
hydrophilic (triethyl citrate) plasticizers and reported 
that the hydrophilic plasticizer, triethyl citrate rapidly 
leached from a polymer coat affecting film permeability 
and drug diffusion. In contrast the hydrophobic 
plasticizer, dibutyl sebacate remained in the polymer 
layer, reducing the drug release rate. Figure 3c and 3e 
shows the amount of drug released at 4 h and 8 h that was 
increased significantly with decreasing the amount of the 
hydrophilic plasticizer (p<0.05). This could be attributed 
to the hydrophilic and the leaching property of PEG400, 
which increased the magnitude of the voids and 
consequently the channels from the microsphere surface, 
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resulting in the formation of a heavily structured- 
microporous matrix [28]. 


In vitro Drug-Release Kinetics and Mechanism 


The kinetic analysis of the in-vitro drug-release data 
from the 25 DTM formulae were evaluated using the 
various mathematical models. According to the 
determination coefficient (R2), the in vitro release data 
were in favor of Higuchi release kinetics (for formulae 
DTM 1, DTM 2, DTM 3, DTM 5, DTM 7, DTM 9, DTM 10, 
DTM 13, DTM 14, DTM 18, DTM 19, DTM 21, and DTM 
22). Eudragit RS 100 does not dissolve at physiological pH 
values, instead, it becomes permeable to water and forma 
gel diffusion layer in the microsphere matrix structure 
when in contact with dissolution medium [7]. 


The in vitro release data were in favor of Korsmeyer- 
peppas release kinetics (for formulae DTM 4, DTM 6, DTM 
8, DTM 11, DTM 12, DTM 15, DTM 16, DTM 17, DTM 20, 
DTM 23, DTM 24, and DTM 25). The values of n >0.43 and 
<0.85 indicate non-fickian (anomalous) transport for 
most formulae which means that the drug release 
mechanism was mainly due to the combination of 
diffusion of drug through the polymeric matrix and 
polymer erosion of the Eudragit RS100 microspheres. 
This is in accordance with the findings of Alai and Lin, 
2013 [33]. The values of ns0.43 for formulae DTM-16 and 
DTM-20 indicate a fickian release mechanism. 
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Figure 3: 3 D response surface plot showing the effect of polymer amount (X:i)and DBP % 
(X2)on the amount of dug released at 1h (Y2)(a), the amount of drug released at 4h (Y3) (b), 
and the amount of drug released at 8h(Y4)(d), and the effect of DBP % (Xz) and PEG 400 % (X3) 
on the amount of drug released at 4h (Y3) (c) and the amount of drug released at 8hr (Y4)(e). 
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Optimization of DTM and Preparation of MUDF 


The aim of the optimization of pharmaceutical 
formulations is to determine the levels of variables 
required to produce a high quality product. In the present 
study, desirability was calculated by Design-Expert® 
software and considered to optimize the studied 
responses depending on the provided results. The 
entrapment efficiency and the total amount of drug 
released are the most important factors regarding the 
properties of microspheres. The optimum formulation 
(optimum for the oral day delivery of DT) was selected to 
have high EE (Y1>70%), release less than 40% of DT 
content after 1 h corresponding to the loading dose 
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(40<Y3>60%), and finally release more than 75% of the 
dose after 8 h (Y4>75). The optimum values of the 
variables were obtained by graphical and numerical 
analyses using the Design-Expert software and based on 
the criterion of desirability [34]. Therefore, the optimized 
formula of DTM with the predicted levels of formulation 
and process variables were prepared to confirm the 
validity of the optimization procedure. The composition 
of the optimized formula was 1.39 g, 0.063 g, 0.093 g and 
683 rpm for X:, X2, X3 and X4, respectively. The observed 
responses were 76.0%, 33.7%, 60.2 and 75.1% for Y1, Y2, 
Y3 and Yq, respectively. 
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The optimized DTM was prepared and filled into HGC 
forming MUDF. The in vitro release profile of DT from 
MUDF was performed in phosphate buffer pH 6.8 
compared to DT powder. The optimized DTM showed a 
high initial burst release where 33.7 + 0.82 % of DT was 
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released after 1 h which corresponds to the initial loading 
dose (Figure 4). The amount of DT released at 4, 8 and 16 
h were 60.2 + 0.05%, 75.1 + 1.84%, and 100%, 
respectively. However, DT powder showed complete drug 
release in 15 min. 
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Figure 4: In-vitro release profile of DT from the optimized formula 
compared to the dissolution of DT powder. 


Kinetic analysis of the in vitro release data of the 
optimized formulation was performed using zero order, 
Higuchi and Korsemeyer-Peppas models. It was found 
that the in-vitro release data followed the Korsemeyer- 
Peppas model as it showed the highest value of R2 
(0.9905). The value of n was between 0.43 and 0.85, 
suggesting non-Fickian diffusion kinetics. Hence, it is 
concluded that the drug release mechanism was mainly 
due to the combination of diffusion of drug through the 
polymeric matrix and polymer erosion of the Eudragit 
RS100 microspheres [33]. 


Scanning Electron Microscopy (SEM) 


The morphology of the optimized formulation and its 
corresponding blank microspheres formula were 
observed by scanning electron microscopy and the 
photomicrographs are shown in figures (5a,b), 
respectively. SEM studies showed that the microspheres 
were spherical with a rough surface. This is in accordance 
with the findings of [31] Kilicarslan & Baykara and [35] 
Joshi et al. No drug crystals were observed at the surface 
of the microspheres. 


Figure 5: SEM photos of blank microspheres (a) and optimized formula (b). 
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Differential Scanning Calorimetry (DSC) 


DSC was performed for the optimized formulation as 
well as for its corresponding blank, DT powder, and 
Eudragit RS100 in order to evaluate the phase 
transformation of DT during preparation of the 
microspheres. 


As illustrated in figure 6, the DSC curve of pure drug 
was characterized by a sharp endothermic peak at 109°C, 


corresponding to its melting point and indicating its 
crystalline nature [3]. The thermal curve of Eudragit® 
RS100 was typical of amorphous substances showing no 
distinct peak. DSC thermograms of the optimized 
formulation showed complete disappearance of the 
characteristic peak of the drug at 109°C, indicating that 
the drug was completely dispersed at the molecular level 
in the microspheres. It also indicates the conversion of DT 
from the crystalline form to the amorphous form. 
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Figure 6: DSC of DT, Eudragit RS 100, blank microspheres, and optimized formula. 
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Powder X-ray Diffraction (XRD) 


As indicated in figure 7, the diffraction spectrum of 
pure DT showed that the drug is crystalline in nature as 
demonstrated by numerous distinctive peaks. Eudragit 
RS100 diffraction pattern showed no characteristic peaks 
indicating that they are amorphous in nature [21]. The X- 
ray diffractogram of the optimized formulation was 
characterized by disappearance of the distinct diffraction 
peaks, signifying a drug amorphization or its dissolution 
in the amorphous polymer. X-Ray results demonstrated 
consistency with the findings obtained from DSC analysis. 
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Concisely, the DSC and XRD studies verified decrease of 
drug crystallinity in the microspheres. 


Stability studies 


The optimized formulation was _ subjected to 
accelerated stability study by storing at 40°C /75% RH for 
3 months as per ICH guidelines. The results revealed that 
no considerable differences in drug content of the 
microspheres inside MUDF where the drug content was 
98.20 + 0.22%. The in vitro release profiles of both stored 
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and fresh samples were comparable as indicated by the 
high similarity factor (f2 = 74). 
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Figure 7: XRD of DT, Eudragit RS 100, blank microspheres, and optimized formula. 


Conclusion 2. 


A sustained release MUDF of DT with satisfactory 
release characteristics was successfully prepared using 
the emulsification solvent evaporation technique. The 3. 
novel multiple unit formulation composed of 1.39 g 
Eudragit, 0.063 g DBP, 0.093 g PEG 400 and processed 
using stirring rate of 683 rpm. The sustained release 


pattern of DT for up to 16 h with an acceptable initial 4. 
release suggests that the developed MUDF may be useful 
for oral day delivery of the highly water soluble and 
frequently administered drug such as DT. 5 
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